Abstract
INTRODUCTION
The ballistic simulation of sprinkler irrigation started five decades ago, with the formu- 
131

RESOLUTION OF THE INVERSE TRAJECTORIES OF THE DROPS
132
Ballistic model
133
The main hypothesis of the ballistic model is that the drops emitted by the sprinkler 
135
The drag force of a sphere in turbulent flow can be expressed as:
137 where ρ a is air density, A is the effective section, r is the position vector, w is the wind 138 velocity vector, and λ is a drag coefficient depending on the Reynolds number. The ballistic 139 dynamic equations of a drop constitute a set of three ordinary differential equations. In
140
vector notation these equations can be expressed as:
142 with m the drop mass and g = (0, 0, −g) T the gravitational field, with g the gravitational 143
constant. Dividing this equation by the mass, and considering a spherical drop with diameter 144 d: drag-coefficient by a "screening factor" S:
The measurement technique used in this work, as described in last section, could result 
170
The sign of S depends on which one of these opposite effects dominates in a particular 171 case. Note that in the S → 1 limit the model converges to the parabolic one and in the 172 S → 0 limit to the ballistic one.
173
A similar screening approach was proposed by Kincaid (1996) where, for complete trajec- shorter, we considered an average value of S.
176
Numerical resolution of the inverse trajectory
177
The ballistic and the screening models require the numerical solution of the inverse trajec- a ij¨ r j ,˙ r (t 0 + ∆t) ≈˙ r 0 + ∆t
187
with p being the number of steps. The classical Runge-Kutta method of fourth order is a four step method (p = 4) defined by the coefficients:
Solution of the inverse trajectory needs to proceed backwards in time. This can be achieved 193 by using negative time steps (∆t < 0). A scheme of this process is represented in Fig. 2 . 
197
Numerical results
198
Two parameters can be used to estimate the quality of the numerical solution, as shown are included in all subfigures, since all of them were significant at the 95% probability level. 
246
Finally, in Table 2 the losses in velocity and kinetic energy, estimated with the ballistic, 247 the parabolic, the screening (S = 0.10) and Kincaid's models are presented. Kincaid (1996) 248 proposed a model for the energy loss in FSPS based in the ratio between nozzle and plate 249 diameters:
dn dp < 0.3; 0.97, if dn dp represents a pioneering approximation. We believe that this paper represents a contribution 262 to this issue, though further research will be required to confirm the reported results and to 263 extend them to other spray sprinkler models and nozzle diameters.
264
CONCLUSIONS
265
Despite the efforts to control experimental error, data uncertainty resulted in a variability 
